I. Method and Material,
For the investigation of the direction of differentiation I chose:
1) The common sow bug (Mancctsellt~s macrourzts).
2) An amphipod (E~wra~gonax gracilis)2). 3) A crayfish (Cambarus propinq~tus).
I selected these animals on account of the abundance of material~ and on account of the peculiar structure of their appendages. I worked on the sow bug antenna and walking legs, the antenna~ antennule~ t) Contributions fl'om the Indiana University Zoological Laboratory, No. 88. 2) Determined by A. Z. WECKEL. and walking legs of the amphipod, and the ehelipeds and the walking legs of the crayfish.
The majority of the operations on the above mentioned appendages can be placed in one of the following Series.
Series 1, the appendage was cut off at the base; Series 2, the appendage was cut off at the end of the second segment; Series 3, the appendage was cut off at the end of the fourth to the sixth segment; Series 4, the appendage was cut off at the sixth to twentyfourth segment. Some of these operations were made upon chloroformed individuals but the majority of them were made on unchloroformed ones with the aid of a dissecting microscope and a small lance.
After the operation I pat the animals in dishes and bottles supplied with a leaf and a small piece of limestone. I changed the water two or three tinges a week and ]lad very little difficulty in keeping the animals alive.
My chief difficulty was in obtaining early stages of segmentation. This was due to the fact that when the animals moulted they usually had several segments preformed in the regenerated bud. Consequently when the appendage unfolded after the moult several segments were in situ. The regenerated bud often contained minature legs with the normal number of segments. I overcame this difficulty partly by operating upon a great number of individuals at various times in the moulting period and partly by dissecting the legs out of their regenerated buds. I made semi-daily observations and in some cases killed such stages as I wished to save. In other cases I observed the living animals from day to day and made camera drawings of the regenerating appendages.
As far as I am able to see there is no possible source of error for I was very careful in not mistaking wrinkles for segments. I worked with 250 sow bugs, 240 amphipods, and 200 crayfish and I repeated my observations until I am sure my results are correct.
II. Data and Results:
A. The Antenna of the Sow Bug.
The antenna of the sow bug is composed of about 43 segmel~ts, the first three are short and strong, the next two are long and strong.
The antenna tapers from the sixth segment to a very delicate tip. The portion of the antenna following the fifth or the last strong basal segment is peculiar in appearance.
When the antenna of the sow bug is cut off at the base or at the end of the third segment, it always segments from the base outwardly until the sixth segment, which we will call the X segment.
Then the segmentation begins at the tip and all of the 37 remaining segments are formed from this X segment. Even more remarkable is the fact that when the antenna is cut off distally to the X segment this same X segment is called into action again and completes the antenna. So some of the segments which originally functioned as segments near the base are redifferentiated and afterwards function as segments near the tip.
When the antenna is cut off at the base there is, after one or two days, a small bud formed. This bud has usually a brown scab over it and remains the same until the moult. After the moult the regenerated tissue segments very rapidly and in a few hours 8 to 14 segments may be formed. The segmentation does not continue for more than 24 hours after the moult but the completeness of the segmentation may change for one o1" two days after the moult. Of course, the time of the operation before the moult changes the amount of segmentation considerably and there is no segmentation if the moult occurs within twenty-four hours after the operation.
Figs. 55 to 65, P1. XXI, show that when the antenna is cut off at the base a small proliferation of cells is formed which soon splits into two segments. The basal one makes the basal segment of the new antenna while the tip one elongates and divides again. The more basal segment of the two formed by this second division forms the second segment of the new antenna and the tip one elongates again. In like manner the first five normal basal segments are formed, three short and two long ones as shown in Fig. 5~ , PI. XXI.
After the five basal segments are formed the tip elongates and forms the X segment. The X segment elongates after each moult and segments are formed from its distal end until the antenna has regenerated the normal number of segments, after which it rests until it is stimulated by another injury. In the normal antenna, then, the tip segment, which is usually the forty-third from the base, is the sixth one to be permanently differentiated, while the X segment, which is the sixth segment from the base of the antenna, and the seventh segment are the last segments permanently formed. When the antenna Archiv f. Entwicklungsmechanik. XXIV 41.
is cut off distally to the X segment, as I have Mready said, the X segment completes the antenna. This is shown by Plate XIX. Figs. 1 and 2 are from the same antenna, Fig. 2 being drawn eight days after the operation. Figs. 3, 4, and 5 are from the same antenna.
Figs. 4 and 5 had a faulty place in their segmentation but it remained unchanged in Fig. 5 , while the basal part in the X region made a change. Figs. 6~ 7, 8, and 9 are from the same antenna.
Figs. 13 and 14 are of the same antenna and show that the increase in the number of segments is in the X segment. Figs. 15, 16, and 17 show that the X segment has been modified. All of these figures show that the old segments are worked over into tip segments. They are longer and not as thick as they were when they were located nearer the base. The regenerated segments take on their pigment after they are split off from the X segment.
The formation of hairs on the antenna accompanies the formation of segments but I did not pay special attention to them. The visible regeneration is always closely associated with the moult which occurs about every seventh day. The direction is the same for both sexes.
The Structure of the Antenna.
There is a breaking joint between the third and fourth basal segments. Many live specimens show stumps of antenna broken at this joint and a few of my specimens in series 4, in which the antenna was cut off near the tip, threw off the distal part. But as the results given above indicate this breaking joint does not influence the direction of differentiation.
Sections of the antenna show that the part distal to the X segment is not as perfectly segmented as the basal part. The distM part of the antenna may be called pseudosegmented and contains no muscles. Muscles are found ~hstened to the base of the X segment. The muscles in the five basal segments are so arranged that they can roll the antenna about in any desired direction. The pseudosegmented distal part when lashed about by the basal muscular part will pass obstacles better than it would if it were entirely rigid. The distal part is so delicate that two corpuscles can scarcely pass and s, decided bend would shut off circulation.
In addition to sections I also demonstrated the lack of muscles in the distal part of the antenna of the sow bug by mechanical and physiological experiments. When I held the antenna by any of the five basal segments, the sow bug could move the distal part more or less; bat when I held it by the Xsegment, even though the animM was jerking about as much as possible, it never moved the distal part'and if held long enough self amputation resulted. I also cat the antenna off at various levels and put the amputated pieces into weak acid and other stimulating solutions. When as much as one Segment remains attached to the basal end of the X segment there is a noticeable contraction produced by the stimulation of the muscle; but when all of the five basal segments are removed from the distal part of the antenna~ the distal part never contracts at all when the piece is put into stimulating solutions.
Sections also showed an abundant nervous supply to the distal part of the antenna. Fig. 66 , Pl. XXI, shows a section through an antenna giving the relative location of the muscles.
B. The Antenna and Antennule of the Amphipod.
The antenna and antennule of the amphipod show a decided change in structure at the end of the third segment (Figs. 42 to 46 ). The antenna has one short and then two longer strong basal segments.
The distal part of the antenna tapers from the third segment to a delicate tip.
When the antenna o1" the antennule is cut off at the base or at the end of the first segment the differentiation is always from the base toward the tip until the fourth segment, which we will this time call the X segment. This X segment makes all of the remaining segments. When either the antenna or the antennule is cut off distally to this X segment~ the X segment is called into action and completes the appendage again. The cut surface forms a scab over its tip. The new tissue bulges out a little and rounds off; but the increase in the number of the distal segments always takes place from the X segment.
Figs. 47, 49 and 53 show three stages of regenerating antennae. The bud divides forming the basal segment of the normal antenna and the tip elongates and divides again to.form the second basal segment. The tip elongates and divides again to form the third basal segment, and the tip from this forms the X segment. The small two Segmented side branch on the third segment is always regenerated.
Plate XX contains several stages of the regeneration of the distal part from the X segment. Figs. 31 and 32 show the X segment just dividing. Fig. 30 shows it just before dividing and Fig. 29 shows the X segment performing its task of making the distal part of the antennule. In Fig. 34 the X segment has just divided. In Fig. 40 it is almost ready to divide, "and in Figs. 33 and 36 it is just dividing. The antenna and antennule of the amphipod have no breaking joints, the distal portions are pseudosegmented, and the muscles are found only in the first three basal segments. P1. XXI, Fig. 42 shows the normal basal segments of the antennule of the amphipod and In median sized individuals moulting does not occur oftener than once a month. The series which contained antennae and antennules cut off distally to the X segment were not drawn because of the difficulty encountered in holding live amphipods and because they regenerated in the same way as the antenna of the sow bug.
C. Amphipod and Sow Bug Walking Legs.
The stages of leg differentiation are extremely hard to get because all of the segments are invaribly in situ at the time of the moult. The individuals which moult one to three days after the operations usually give early stages. I also obtained early stages by dissection of regenerated buds. The stages show that the claw is the last part formed. They also show that the direction of differentiation is from the base to the tip. CmLD, '02, found the same direction in the legs of one of the Agrionidae excepting the claw formation.
The sow bugs have breaking joints and the entire legs usually break off when held with a pair of forceps. The amphipods can live in the same water much longer than the sow bugs but are so restless that it is much more difficult to work with them.
P1. XXII shows a few stages of regenerating sow bug walking legs. Fig. 67 shows a regenerated bud before any segments are formed. The regenerated leg which is enclosed in a sack, divides into two segments. The basal one of these forms the basal one of the leg and the other one elongates as in Fig'. 69. It divides again and the more basal of the two segments forms the second segment of the leg as in Fig. 70 . The tip elongates and divides again forming the third segment as in Fig. 72 . This process is continued until all of the segments are formed. Fig. 79 shows the claw starting to form. Fig. 80 shows the arrangement of muscles in the leg. Figs. 74`' 77`' and 78 show that the claw is the last part to be formed when the leg is cut off at different levels. Fig. 78 was drawn from a leg cut off at the end of the second segment and has regenerated all the segments except the claw.
Plate XXIII shows a few stages of regenerating amphipod legs. These legs were cut off at different levels and they all show that ~he claw is formed last. Fig. 92 shows a normal leg with the outline of the muscles. In both the sow bug and the amphipod the legs took up their definite shape after segmentation. The hairs and spines are usually formed after segmentation, although some are formed as soon as their respective segments.
D. Crayfish Chelipeds and Walking Legs.
When the chelipeds or the first two pairs of walking legs are cut off at any level`' they differentiate from the tip to the base.
This result is the same as that obtained by E~IMEL`' '06, in the lobster.
When the last two pairs of walking legs are removed at any level, they differentiate from the base towards the tip. Thus in one case the pincher is formed first and in the other the claw is formed last. All of the legs grow back equally well if they arc removed at exactly the same level. The chelipeds can be cut off at any level without the use of chloroform with no danger of self-amputation resulting if the crayfish and its chelipeds are held between ones fingers in such a way that the animal can not violently contract its muscles After the first violent shock is over there is little danger of self amputation. After the removal of the chelipeds or the first two pairs of walking legs`' the regenerated tissue bulges out in the form of a colorless knob after the first moult. If this regenerated knob is sufficiently long" it begins to split at the end. Then the parts of the pincher begin to separate and the dactylopodite is formed after which the propodite is formed. Then the entire pincher segments off from the rest of the tissue. Then the segment next to the pincher forms etc. until all of the segments are differentiated. The basal segment is always formed last.
In the last two pairs of walking legs the order of formation of segments is reversed. The basal segment is formed first and the claw is formed last. In P1. XXIV, Figs. 93 to 101 show some of the stages of l"egenerating chelipeds. When the chelipeds are cut off at any level new tissue bulges out as in Fig. 93 and forms, after some time, a deft in the tip as in Fig. 94 . The cleft increases in size until the dactylopodite and propodite are formed after which the pincher segments off from the proliferated mass of regenerated tissue as in Figs. 95 and 97. Then the remaining tiss]le between the pincher and the old tissue elongates more and more until all of the remaining segments are replaced, those nearest to the pincher being formed first. In P1. XXV, Figs. 103 to 112 show that exactly the same thing takes place in the first two pairs of walking legs. Fig. 103 shows the reg'enerating knob and Fig. 104 is the same somewhat larger. Fig. 105 shows the cleft forming.
In P1. XXVI, Figs. 112 to 120 show some stages of regeneration in the last two pairs of walking legs. They show that after the removal of the leg at the breaking joint, new tissue bulges out and after some time the third segment, i. e. the one next to the two old segments, is formed. Then the tissue elongates more and more forming the remaining segments as above described. The claw is clearly the last part formed. Fig. 117 shows a leg with three regenerated segments. Sections of the crayfish cheliped show that the tendons and muscles make their appearance first in the pincher and later on in each successive segment toward the base. In the last two pairs of walking legs however, the tendons and muscles make their appearance first in the basal segment and later on in each successive segment toward the tip.
The tendons and outlines of the muscles are in situ before complete segmentation takes place. This shows that the segmentation is closely associated with the development and differentiation of tissues in the segments and the direction of segmentation can be taken as an indicator of the direction of differentiation.
REED, '04, says the muscles appear before complete segmentation but she did not determine the direction of segmentation. Fig. 123 shows a microphotograph of a section from a regenerated eheliped; it shows that the muscles form in the pincher first. Fig. 122 shows the outline of the above section drawn with a camera. Fig. 121 shows a camera outline of a regenerating clawed walk: ing leg. It shows that the muscles appear in the basal segments before they do in the tip segments.
F. Crayfish Swimmerets.
When a swimmeret is removed, the coxopodite regenerates first. Then the basipodite forms; ai%er which two small knobs form. These knobs elongate as in Fig. 127 to form the exopodite and endopodite. The hairs form on the tip segments of the exopodite and endopodite first and if the formation of hairs may be taken as an indicator of differentiation then the direction of differentiation in the exopodite and endopodite is from the tip toward the base. So it seems that there are two directions of differentiation in the swimmerets of the crayfish. The first is from the base toward the tip. This direction however continues only to the base of the exopodite and endopodite. Then the direction reverses and is from the tip toward the base.
Figs. 125 to 129 show a few stages of regeneration of swimmerets1).
G. Monstrosities.
Crayfish No. 11 had its ehelipeds removed at the breaking joint Feb. 11. Feb. 24 I removed the right eheliped again. On March 8 the left cheliped had regenerated and it had a claw instead of a pincher. On the same day, even more remarkable is the fact that the right eheliped had regenerated again and it contained a segmented swimmeret-like structure instead of a pincher. The dactylopodite had one less segment, and it and the propodite were both covered with hairs. Fig. 124 shows a camera drawing of this monstrosity. On March 12 th I removed the last two pairs of walking legs. from a crayfish and on April 24 ~h I found a cheliped instead of a dawed walking leg. These monstrosities have a double significance: First, they lend support to the theory that the legs of arthropods are modified swimmerets. Second, they show that under certain conditions the direction of differentiation may be reversed because it doesnot seem probable that the swimmeret-likc structure can differentiate in the same direction that the eheliped does. 1) These results were obtained too late to be considered in this paper. They seem however, to contradict my statement of the normal plan of differentiation in Arthropod legs.
H. Notes.
MoRGA~ and others have said that as a rule the chelipeds of crayfish and lobsters are thrown off at the breaking joints if they are removed distally to this joint. He also found that ether or chloroform would reduce the number cast off after the operation. I had no trouble whatever from the loss of appendages after the operation if I held the cbelipeds in such a way that they could not be moved violently when the lance severed the nerves.
Regenerating legs of crayfish have no enveloping sacks like those of the sow bug and crab leg's and consequently there is as a rule practically no proliferation and no segmentation until after the moult. But I had several cases in which one or both chelipeds or walking legs regenerated before the crayfish had moulted. At first it seemed that the pressure of growth and circulation is sufficient at times to burst through the chitinous covering, which always seals up injured places, and the tissue elongates and forms a new leg. I punctured the chitinous coverings of several of my specimens and the new tissue did not bulge out, so there seems to be some other restraining factor than the chitin. When the animals moult, this restraining force is removed and the normally inactive cells are stimulated to action by some chemical or physical force and the leg" regenerates.
ill. Discussion.
There has been a great deal ~f discussion concerning" the direction of differentiation in regenerating appendages. Some maintain that the direction of differentiation is from the base toward the tip, while others maintain that it is from the tip toward the base. In the first case the influence of the old tissue is supposed to be the directing force, while in the second the influence of environment upon ~he new tissue is the directing force. My work in part confirms ZEI~r's work on the antennule of the common sow bug. It shows that both of these opposing views are found in the same appendage in the case of the sow bug and in different appendages on the same animal in the ease of the crayfish.
During all of my work I could not see how the environment influenced in any direct way the direction of differentiation; Nr I had the regenerating appendages under practically identieM environments. The encased buds are so small that they receive no external stimuli from the smooth surfaces of the bottles and dishes. If strue-tureS like the chelipeds of crayfishes are the resultant of the influence of past environments upon an ordinary walking leg then we will be forced to grant that the environment does indirectly influence the direction of differentiation; but if on the other hand the chelipeds have been modified from a walking leg by some other force than the environment, then the environment has nothing to do with the direction of differentiation.
The influence of the old tissue upon the direction of differentiation of regenerating tissue is such a general way of stating the factor or factors which direct differentiation of regenerating tissue that it seems to me to mean nothing. How has the same crayfish one direction of differenti~/tion in the cheliped and an opposite direction in the last two pairs of walking legs? Or how can the environment and old tissue reverse their influence in the ease of the antenna and antennule of the sow bug? When the antenna is cut off distally to the X segment it seems that new segments are formed from the old X segment before the new tissue can be influenced by the environment. How can the same old environment affect the old ~ segment and cause it to start segmenting again?
CHILD and others say that the arrangement of muscles determines the direction of differentiation; but the chelipeds of the crawfish are furnished with muscles arranged in about the same way that they are in the last two pairs of walking" legs. The distal portions of the antenna and the antennule of the sow bug have no muscles. What determines the direction of differentiation in such cases? And what causes the muscles to differentiate in the same order or direction that the segments do? It is self evident that other factors than muscles are needed to explain the direction of differentiation.
The differences in structure of the appendages led me to conelude that in considering the direction of differentiation, we have to consider primarily the physical conditions existing in the regenerating appendages. At least we can exclude the effects of the body metabolism and the gross chemical stimuli, for these have the same chance to affect the regenerating" appendages during their entire development. It appears that the most variable factor is the difference in tension or pressure which is a physical force arising from cell division. Hence in considering the direction of differentiation we must consider the factors which might change this physical field of force.
The difference in chitin, blood pressure, the nearness to a more complete circulation, the lack of certain tissues, the changes in the nervous stress, and the resultant function, appear to be factors which might directly or indirectly influence the direction of differentiation, How much stress can be placed on the differences in chitin and the nearness to a more complete circulation, I will not venture to say. But the differences in these are very marked in the antenna and the antennule, while in the legs these differences are scarcely noticable. The lack of certain tissues could have only an indirect influence which might change the balance of the physical force which is to produce the segmentation. Changes in the nervous system may be of considerable importance in this connection. In support of this I have only to refer to the work on the eye of the crayfish where the removal of the optic ganglion causes the regeneration of an antennulelike structure. The changes in the nervous system certainly have a strong influence upon the direction of differentiation in the antenna and the antennule; for the distal parts of these appendages are prim, arily sense organs 1). This effect is, however, not so striking, in the legs which I studied.
In the antenna and the antennule the early development of tip segments must be closely associated with the nervous supply to those parts. The entire antenna and antennule are never regenerated until after several moults, so if the direction of distal differentiation were reversed there could not be any permanent functional tip segment until after several moults. This same idea can be applied to the crayfish cheliped. It seems that the larger size of the muscles in the pincher of the cheliped as well as the other more distal segments require a longer time to develope, hence an earlier beginning is needed in order to have the resulting organ, i. e., the cheliped, functional when the crayfish moMts. Of course this limb is not functional until the crayfish has moulted several times, yet the symmetry is maintained after each moult in order that the resulting structure will look. like a cheliped and be functional when it attains the proper size. After this idea came to me I was referred to LILLIE'S work on the Embryology of the Unionidae, '95, in which he states that the large shell gland appears early because the young mussel needs a shell before it needs some of its other organs. His interpretation of the early fol, mation of the large shell gland can be applied to the explanation of the direction of differentiation of the chelipcds, antennae and antennules. 1) Do not the nerves carry the message to the X segment and stimulate it into action again, when the distal part of the antenn~ is cut off?
It is not so much the usefulness of the cheliped as it is the resultant function, and the mere size of the pincher that influences the direction of differentiation. The pincher must either begin to develope first or else grow faster or longer in order that the resultant organ can function as a pincher.
And as a matter of fact the great majority of developing organs as a rule develope symmetrically and a small pincher always looks like a large one. Hence the pincher starts to develope first.
My work points towards the fact that the original leg. pattern of the arthropods segmented from the base toward the tip as it still does in the sow bug and amphipod walking legs and in the last two pairs of walking legs of the crayfish; but as these organs became modified into an organ performing a different function as does the eheliped, or at least structurally different from the type form, then the field of force produced by cell division and differentiation may be so changed that they in turn reverse the direction of differentiation. I have not obtained a sufficient number of examples to substantiate this idea and consequently I offer it merely as a suggestion.
iV. Summary.
1) In regenerating appendages of sow bugs, amphipods and crayfishes differentiation may start at the base and g.o toward the tip or it may start at the tip and go toward the base. Both of these directions are present in the same antenna and antennule of the sow bug and amphipod. The first type is found in the last two pairs of walking" legs of the crayfish and the other type is found in the first two pairs of walking leg's and the chelipeds of the crayfish.
2) When the antenna or antennule of the sow bug" and amphipod are cut off distally to the X segment, the X segment completes the appendage and some of the originally more basal segments are changed over into tip segments.
3) The distal portions of the antennae and antennules of the sow bug and amphipod have no muscles. This may be true of many other arthropods as well as insects.
4) The direction of differentiation in the crayfish eheliped and first two pairs of walking legs is perhaps determined by the pincher. The last two pairs of the walking legs have the normal plan of differentiation.
5) It is not so much the growth that influences segmentation as it is differentiation. In other words after the appendage has elongated to a sufficient length then differentiation begins. This is followed by segmentation. Hence differentiation and not growth must be the determining factor. In view of all the facts considered it seems that the physical tension or field of force brought about by cell division and differentiation produces segmentation.
6) Segmentation may be taken as an indication of the direction of differentiation; for the muscles of the walking legs and chelipeds of the crayfish appear in the same order as the segments.
7) There seems to be a relation between the resultant function and the direction of differentiation. The early formation ofpinehers and functional tip segments of the antenna and antennule suggest such a relation.
8) The crayfish regenerates legs without enveloping sacks like those of the crab and sow bug. As a rule proliferation takes place after the moult; however, some of the crayfish regenerated their amputated legs before moulting. It seems probable that there is some other re~arding influence than chitin. 9) Three monstrosities were produced, one of which gives evidence of the swimmeret-like properties of the cheliped and all indicate that the direction of differentiation can be reversed.
Zusammenfassung,
1) Bei der l~egeneration der Anh:c~nge yon Wasserasseln, Flohkrebsen und eigentlichen Krebsen kann die Differenzierung an der Basis beginnen und nach der Spitze vorschreiten oder nmgekehrt an der Spitze beginnen nnd nach der Basis sich fortsetzen. Beide :gichtungen kommen bei derselben An~enne und Antennula der Assel und des Flohkrebses vor. Der erste Typus wird in den letzten zwei Schreitbeinpaaren des Krebses gefnnden und der zweite kommt in den ersten beiden Sehreitbeinpaaren und den Scheren des Krebses vor.
2; Wenn die Antenne oder Antennula der Assel und des Flohkrebses distal yore X. Segment abgesehnitten werden, vervollstSndigt das X. Segment den Anhang and einise der basalwi~rts gelegenen Segmente werden in Spitze~seg-mente umgeSndert.
3) Die distalen Anteile der Antennen nnd Antennulen yon Assel nnd Flohkrobs sind muskellos. Dies kann aueh flit manche andre Arthropoden, auch ftir Insekten, zatreffen. 
Explanation of Plates,
The X segments are marked by the letter X. The drawings were made with a camera lucida and reduced one-hals The size of the appendage varied with the size of the animal.
:Plate XIX.
Sow Bug antennae, showing the X segments completing the antennae after they were removed distally to the X segments. Antennae and antennules of amphipods showing that'the X segment is the variable segment. Series I. The antenna and antennule were cut off at either the base or at the end of the first segment, Nov. 1. Series II, contained the same kind of appendages cut off at either the end of the second or third segments, Nov. 1.
Figs. 18, 21, 22, 23, 2~, 29, 30, 31, 32, 35, 37, 38 and 3"9 are of the antennae. Plate XXII.
The sow bug's legs cut off at different levels showing that the claw is the last part formed. Feb. 12, and drawn April 13. This is only one of the many in which parts of the chelipeds were removed and they regenerated without casting off the remaining part at the breaking" joints. (12 x)
Plate XXV. The first two pairs of walking legs of crayfish cut off at the breaking joint Feb. 11, showing that the pincher is formed first. Plate XXVI.
The last two pairs of walking legs of the crayfish, showing that the claw is formed last. They were cut off at their breaking joints Feb. 12, r07. 
